ABSTRACT -The objective of this work was to study the effect of grazing systems: rotational, continuous and the absence of cattle, in pastures of Brachiaria brizantha on microbial activity (respiratory, potential nitrification, solubilizing, and enzymatic) and on the chemical attributes (contents of organic carbon, total nitrogen, organic phosphorus, and moisture) of Eutrustox soil over one year. Eight Canchim breed animals were used. The samples were collected in the four seasons from 2005 to 2006. The average of organic C, organic P, and moisture contents, as well as potential nitrification and solubilizing activity and urease and acid phosphatase activities were significantly higher in the spring and/or summer than in autumn and/or winter. The total nitrogen amounts did not vary among seasons. While the respiratory activity was larger during winter and summer, cellulase activity was smaller during spring than in the other seasons. Except for organic P, higher values of the variables studied were observed in the rotational grazing. The results indicate that the hot and rainy season and the rotational grazing system cause increases in the soil microbiological and chemical attributes.
Introduction
Pastures can be considered as permanent crops because they are not submitted to management practices such as those observed for agricultural crops. In pasture soil, the carbon (C) input is higher than in cultivated areas (Schipper & Sparling, 2000) . The most important supply of nutrients to the pasture comes from the decomposition of plant residues and animal excreta. An animal excreta is equivalent to 1,200 g of dung and 200 ml of urine (Allen et al., 1996) . Excreta, mainly via faeces, increase the C input and soil biochemical activities (Haynes & Williams, 1999) ; have a low C:N ratio, manure is 20:1 and the urine of cattle is 3.9:1, allowing rapid mineralization (Whitehead, 2000) ; and accumulate in the soil, increasing organic matter stocks (Carran & Theobald, 2000) . Studies were conducted to evaluate the performance of Brachiaria on beef signal grass (Flores et al., 2008) and on the stocking rate of steers (Rezende et al., 2008) . However, the effect of these systems on nutrient cycling has rarely been studied. Several microbial and biochemical analyses can be used to assess grazing impact on soil quality (Ingram et al., 2008) .
The excreta of cattle in pastures have been shown to provide a 20-fold increase in potential nitrification compared to control (Mueller et al., 2003) . The activity of the enzymes protease, urease and acid phosphatase was higher in soils of grasslands in the presence of animals than in the control (Haynes & Williams, 1999) . Protease and phosphatase activities increased with the addition of organic matter in soil and they can be considered as resulting from the mineralization process catalysed by microorganisms (Rezende et al., 2004) .
Phosphatases catalyse the transformation of organic phosphorus and may be affected by the fertilization of soil, vegetation and season (Staley et al., 2008) . In a selfsustaining ecosystem such as pasture, the return of soluble phosphorus to plants may be due to the presence of inorganic phosphate solubilizing microorganisms in the soil (Barroso & Nahas, 2005) .
The aim of the present study was to evaluate the effect of different grazing systems (rotational, continuous and the absence of cattle) on the microbial activity responsible for the transformation of compounds related to the cycles of C, N and P, as well as on the chemical attributes of the pasture soil during a period of one year.
Material and Methods
The experimental site is located at UNESP/Jaboticabal (21°18'22"S and 48°18'58"W), with an altitude of 595 m, and, according to Köppen, subtropical type climate, with summer rains and dry winters. The mean annual precipitation is 1230 mm and the mean temperature is 21°C, ranging from 17.4 to 29.4°C, and with a relative humidity of 70% (Figure 1) .
The grazing systems evaluated were: rotational, a paddock grazed for five to six days; continuous, with the paddock continuously grazed by the animals; and no grazing (control), a pasture area with no animals. Each pasture for all systems studied was formed by five plots in a 3-ha area with eight animal units (AU, each animal unit corresponded to 450 kg). The cattle used were of the Canchim breed (60% Charolez + 40% Nellore). The rotational grazing system has been adopted as the management system since 1997 with the establishment of grass Brachiaria brizantha cv. marandu. Brachiaria was also the grass used in the other systems. Two tons of high-calcium lime ha -1 were applied in the three systems. In the rainy season, nitrogen side-dress fertilizer (150 kg N ha -1 yr -1 ) was applied. During the dry season, supplements of 25 kg of corn silage and 2.5 kg of concentrate (grains of corn and soybeans) per animal were used in the rotational and continuous grazing systems.
Samples of Eutrustox Soil (Embrapa, 2006) were randomly collected in the Autumn (first fortnight of April), Winter (first fortnight of July), Spring (second half of November) and Summer (first half of February) in the period [2005] [2006] in all pastures. Each sample consisted of six sub-samples, taken from a 0-5 cm soil depth. Soil samples were transported to the laboratory, sieved (2 mm) and homogenized. Each sample was divided into two parts: one part was kept at 7°C until analysis and the other part was air-dried and stored at room temperature.
Respiration rates in the soil were determined by incubating 100 g of soil in sealed jars containing vials with 20 mL water and 10 mL of NaOH 0.5 mol L -1 for seven days at 28°C (Rezende et al., 2004) . The CO 2 evolved from the soil was absorbed by NaOH and determined by titration with HCl 0.5 mol L -1 after the addition of BaCl 2 . Potential nitrification was determined by incubating the soil with and without the addition of (NH 4 ) 2 SO 4 (160 μg N g -1 dry soil) for 21 days at 30°C. Extraction of nitrate was performed with 50 ml KCl 1 mol L -1 for 60 min and N was determined by digestion and titration with H 2 SO 4 0.0025 mol L -1 . The solubilizing activity of the soil was determined by incubating 10 g soil with and without the addition of 38.4 mg fluorapatite g -1 dry soil for 30 days at 30°C. Soluble phosphate was extracted by adding 12 mL NaHCO 3 0.5 mol L -1 pH 8.5 for 30 minutes and determined by using an ascorbic acid solution. The nitrification and solubilizing activities were calculated as the difference between samples with or without added (NH 4 ) 2 SO 4 or fluorapatite, respectively.
Cellulase activity was determined by incubating 1.0 g soil with 0.2 ml toluene and 10 ml substrate (CMC) for 4 h at 50°C (Kanazawa & Miyashita, 1986) . The glucose released was measured colourimetrically at 660 nm after a reaction with alkaline copper and arsenomolybdate. Urease activity was measured by incubating 2.0 g soil with 0.2 mL toluene, 2.0 mL of KH 2 PO 4 0.1 mol L -1 pH 6.7 and 1.0 mL of urea 10% (w/v) for 3 h at 37°C (Mc Garity & Myers, 1967) . The NH 4 + -N released was quantified by the indophenol blue method using the reagents phenolate and hypochlorite. Acid phosphatase was determined by using 0.2 g of soil after the addition of p-nitrophenyl phosphate 4 mM L -1 acetate buffer 0.1 mol L -1 , pH 5.4, and incubated at 37°C for 30 min (Rezende et al., 2004) . The p-nitrophenol released was determined by using a spectrophotometer at 405 nm. The specific activity of enzymes was expressed as micrograms of the reaction product per gram of dry soil. Organic carbon was determined after the addition of potassium dichromate-sulphuric acid to the soil samples (Sims & Haby, 1971) and total nitrogen by digestion of the soil samples with H 2 SO 4 . Soil organic phosphorus was determined after ignition (or not) of the soil samples and the P was extracted with 50 mL H 2 SO 4 0.5 mol L -1 . The moisture content was determined by drying the soil at 105°C until a constant weight was reached. The chemical composition of the soil was determined at the Soil Analysis Laboratory of the Department of Soils and Fertilizers, UNESP/Jaboticabal (Table 1) .
The experimental design was a split plot design with three systems of cattle management (rotational grazing, continuous grazing and no grazing as the control) and the four seasons as sub-plots, with five replicates each. The F test was used to analysis of variance of the results. The Tukey test at 5% probability was used to compare means of treatments, seasons and grazing systems. 
Results and Discussion
A significant (Tukey test, P<0.05) accumulation of organic carbon and soil moisture was found during the spring and summer in relation to autumn and winter (Table 2) ; however, no significant differences were observed in the total N contents due to the influence of the seasons.
The highest content of organic phosphorus was observed in spring, autumn and then in the summer compared to winter. The trend in the accumulation of the studied variables during the spring-summer compared to autumn-winter may be due to the increased production of Brachiaria, favoured by the soil moisture and heatstroke rate, allowing greater stocking rates of animals (Pereira et al., 2000; Almeida et al., 2002) and by the amount of rainfall and the temperatures that prevailed during these seasons (Figure 1) . Depending on the type of cattle management, there may be a surplus of green mass and an increased root production of Brachiaria, contributing to increase in soil organic carbon. Moreover, there is a transfer of nutrients and organic matter such as manure and urine in the soil (Haynes & Williams, 1999) .
Except for the content of organic phosphorus, the average contents of the other variables were significantly higher in the rotational system than in the other systems (Table 2 ). The highest concentration of cattle and the amount of excreta in the rotational system compared to continuous grazing could have influenced these responses. A higher mass of grass production was found in the rotational grazing system because regrowth occurred during the rest period of the pasture when the animals were moved to another paddock. In continuous grazing, the grass regrowth was consumed by the cattle, resulting in a smaller regrowth rate than in the rotational grazing and lower production of vegetation.
The highest content of CO 2 was observed in winter and this decreased significantly (P<0.05) from 22 to 40% in the other seasons (Figure 2A) . CO 2 production in summer was similar to that in autumn and higher than that found in spring (P<0.05).
CO 2 evolution has been related to temporal variations in temperature and soil moisture (Petrone et al., 2008; Yue-Lin et al., 2008) . In this study, the amount of rainfall and the temperatures in winter were the lowest (Figure 1) . However, the sudden rainfall in July before soil sampling may have stimulated the latent microbial community to increase the production of CO 2 . For example, although there was a dry winter, the emission of CO 2 in the pasture of Brachiaria was appreciable during the winter months when compared to the maximum reached in February (Varella et al., 2004) .
The respiratory activity decreased significantly by 13-14% in the rotation system in relation to the other systems ( Figure 2B ). This was possibly caused by a greater availability of nutrients in this system, which is one of the most important factors governing microbial activity (Tiwari et al., 2002) .
The potential nitrification predominated in the summer season and it decreased on average (P<0.05) by 77% in winter, 61% in spring and 34% in autumn ( Figure 2C ). The seasonal variation in potential nitrification was also observed in soil in China (Zhang et al., 2008) . The averages were similar between continuous and rotational grazing, and decreased significantly in the ungrazed pasture ( Figure 2D ). The increase in potential nitrification may have been due to the organic matter input in these systems stimulating the community of microorganisms that catalyse the conversion of organic N to nitrate (Mueller et al., 2003) and the increase in soil moisture favouring the growth of Brachiaria and its root exudates being released (Malý et al., 2002) .
The solubilizing activity of inorganic phosphate was also high in summer and decreased considerably in winter (82%) and autumn (74%) ( Figure 2E ). In the spring season, it only decreased by 10% in relation to the summer, which was still significant. The solubilizing activity was higher (P<0.05) in ungrazed and rotational grazing systems compared to continuous grazing ( Figure 2F ). The availability of soluble phosphate is usually low in most soils in Brazil (Barroso & Nahas, 2005) . Due to the influence of environmental conditions and soil fertility, a significant increase in soluble phosphate was found by 1.1 to 5.5 times-fold during the spring-summer compared to autumn-winter. Due to the degradation of organic matter, a greater release of available phosphorus may have occurred as a result of organic acid production and subsequent mineral phosphate solubilization (El-Dewiny et al., 2006) . This mechanism may have provided an increase by 41% in the solubilizing activity in the rotational grazing system compared to the continuous system due to the increased influx of organic matter from animal excreta, used as a source of carbon and energy.
The mean cellulase activity was significantly reduced in the spring in relation to the activities observed in the other seasons, which were all similar ( Figure 3A) .
The greatest decrease in cellulase activity was found during the spring in the rotational and continuous grazing systems. In contrast, the activities of urease and phosphatase were predominant in spring ( Figure 3C, E) ; however, whereas urease activity became progressively reduced throughout summer, autumn and winter ( Figure 3C ), acid phosphatase activity decreased significantly by 16% in autumn, 39% in summer and 57% in winter ( Figure 3E ). Because these enzymes are mainly produced by microorganisms, these results indicate that environmental factors (temperature and soil moisture) may have influenced microbial growth and stimulated the processes of soil C, N and P mineralization. The seasonal fluctuations in enzyme activity found in this study are in agreement with the results reported by Ralte et al. (2005) in relation to dehydrogenase and urease activity. The rotation system promoted a higher (P<0.05) activity of these enzymes than the other systems ( Figure 3B, D, F) . The activity of urease and phosphatase may have been related to increased soil C because both increased in the spring. The effect of organic carbon on enzyme activity was previously reported by Saviozzi et al. (2001) . These results contrast with those obtained by Malý et al. (2002) , who concluded that urease activity remained constant throughout the year and it was weakly related to the mineralization of N. With the increased availability of organic substrates and nutrients, the activity of protease, deaminase and urease enzymes, and microbial biomass, were stimulated (Cameron, 1999; Bol et al., 2003) . Similar results were obtained by Haynes & Williams (1999) who observed an increase in protease, histidase, urease, acid phosphatase and arylsulphatase activities in pastures with high concentrations of animals. This trend was also observed in the present study where the highest activities of cellulase, urease and phosphatase were found in rotational grazing, and which were significantly higher than those found in the control and continuous grazing systems. Decreasing activities of protease and urease have been reported in soil in the absence of grazing animals (Saviozzi et al., 2001; Bol et al., 2003) , confirming our results.
Conclusions
The different cattle grazing systems and climatic conditions influence the microbiological and chemical characteristics of soil. Over the seasons, microbial activity and soil chemical properties increase, especially during spring and summer. From the different soil management systems, the rotational grazing system provides greater enzymatic and microbial activity and favours an increase in organic C, total N and soil moisture contents.
